Abstract. Bipolar magnetic field signatures in the far magnetotail observed by the ISEE 3 spacecraft are commonly interpreted as signatures of a passing magnetic bubble, or plasmoid. A large number of such plasmoid-type variations in the northsouth component of the magnetic field are accompanied by large core magnetic fields which are directed primarily in the cross-tail direction, indicating a flux rope like structure. Similar signatures are also found in a recent examination of GEOTAIL deep tail data. The fact that more of these flux ropelike plasmoids are encountered in the far tail than closer to the Earth raises the question whether they are the result of an evolution from no or low core fields to high core fields or whether plasmoids without core fields and flux ropes are entirely different entities. We present a model which explains the evolution of a looplike plasmoid in the near tail to a thinner flux rope in the far tail. The transition is accomplished by magnetic reconnection, which progressively connects the plasmoid magnetic field lines to the colder plasma in the low-latitude boundary layer and magnetosheath. The connection leads to a draining of hot plasma from plasmoid field lines and a subsequent collapse due to the plasma pressure reduction. The collapse causes a strong enhancement of any preexisting cross-tail magnetic field component, until a quasi-force-free state is reached. We also present MHD simulations to demonstrate the process. Last, we show that this mechanism can produce core field enhancements beyond the ambient lobe field strength.
Introduction
Apart from theoretical investigations which predicted plasmoidlike structures as a result of a global magnetotail instability [e.g., Schindler, 1974] , observational evidence of plasmoids was presented first by Hones [1977] . In his cartoon of substorm evolution, Hones depicted a plasmoid as a plasma sheet region which becomes disconnected from the geomagnetic field during the course of a substorm. Thus plasmoids consist of looplike magnetic field structures with hot plasma sheet plasma trapped inside. These initial observations used primarily the IMP satellites, which had apogees less than 40 -RE. Therefore plasmoid observations during the IMP period were usually limited to investigations In this paper we present a simple model which attempts to answer these questions. In order to provide an explanation we will combine observational evidence with past modeling results pertinent to plasmoid formation and evolution. The combination of these results will lead to a possible evolutionary scenario, which is discussed in the following section. In order to support this qualitative scenario we will also present results of a simple MHD simulation of plasmoid formation, in which the evolution toward a force-free flux rope can be demonstrated. Owing to their simplicity, these MHD simulations are to be taken not as a final step of the investigation but rather as a simple model indicating that the qualitative scenario for flux rope formation may be viable.
Evolution of P lasmoids From

Looplike Structures to Flux Ropes
To generate a scenario, we need to make use of some well-known observational facts. We list these here and discuss their consequences. The first is that the plasma temperatures in the plasma sheet and the magnetosheath are quite different, with a transition region of the low-latitude boundary layer ( In the following section we will present results from a simple 2 1/2-dimensional resistive MHD simulation of plasmoid formation and evolution, in which we have attempted to include the effects of plasma pressure and density reduction in the form of an appropriate transport model. 
Simulation Model and Initial
Conditions
In order to model in a qualitative fashion the plasma loss due to the magnetic connection to the LLBL/sheath, both the energy and continuity equations need to be modified by loss terms. We assume that as soon as the magnetic connection between the interior of the plasmoid and the magnetosheath is established, magnetosheath plasma will enter the plasmoid, and plasma sheet plasma will leave the plasmoid, at their respective sound velocities. Because of the significantly higher density and typically lower pressure the sound velocity of the magnetosheath, however, is considerably smaller than the sound velocity of the hot plasma sheet plasma.
Assuming plasma sheet densities around 0.1cm -a, and magnetosheath densities in excess of 10cm -a, the mag- 
Here P0 -0.03 represents a pressure offset value, chosen to be greater than zero in order to avoid numerical problems associated with very small pressures. The actual value of P0 does not change the evolution appreciably as long as P0 << 1. In order to model the pressure loss we assume that the loss timescales depend on the geometry as well as on the magnetic connectivity, which we model in an adhoc fashion. We assume a tail radius of about 20 RE (corresponding to 10 units in this model) and an equilibration timescale between plasma sheet and sheath/LLBL pressures determined by the sound speed in the plasma sheet, which is approximately equal to unity in our normalization. Further, the geometry of a helical field line will influence pressure reduction times. In the case of a simple helix with circular cross section this geometry is determined by the angle between the magnetic field and the y direction. In a simple approximation we adopt this scaling locally in our simulation. In order to model the time evolution of a three-dimensional plasmoid qualitatively we also do not initiate pressure relaxation before the plasmoid has advanced to x > 22.5
and By exceeds IByl-0.04 locally. These parameters are arbitrary, modeling the fact that magnetic connection to the IMF appears to be established at some later time of plasmoid evolution and that some enhancement of By above the initial magnitude can be expected when a connection to the IMF is established. Changing these parameters only influences the quantitative evolution, not its qualitative properties. The scenario predicts a somewhat different behavior for plasmoids connecting to the magnetotail flanks in the region earthward and tailward of the cessation of magnetotail flaring, which appears to occur at radial distances of about 100 RE. In the former case, the plasma sheet pressure most likely exceeds magnetosheath pressures. In this case, a magnetic connection between the two regions will most likely lead to a reduction of the internal plasmoid pressure as well as of the total mass. In the latter case, however, the pressures could be more equal, leading to a plasmoid pressure loss primarily through heat flux, and less through mass flow. In this case, plasma density enhancements along with temperature drops might be expected. We note that equal pressures in the plasmoid core and the magnetosheath are not a necessity if the plasmoid is located in the far tail, because magnetic tension forces as well as dynamical effects might still maintain plasmold plasma pressures in excess of the ambient plasma sheet pressures. Further, reconnection in a region tailward of 15-20 RE but earthward of 100 RE will establish a plasrnoid-fiank connection while the plasmoid is still in the flaring region of the tail. Therefore the first scenario is somewhat more likely, although a continuous transition between the two is possible as the plasmoid propagates down the tail after magnetic connection to the flanks is established. Finally, during the late stages of the plasmoid evolution, effects of magnetosheath plasma entering the plasmoid may become important.
Clearly, not all plasmoids will undergo this transition. In case of a small substorm which might be localized in a narrow local time sector, reconnection would not proceed sufficiently far to the flanks to establish the necessary magnetic connection. In this case, far-tail observations will still show the usual bipolar signature without strong enhancements of the core By. On the basis of this reasoning we would expect that substorms involving larger local time sectors should produce flux ropes, whereas otherwise, bubblelike plasmoids should be encountered. Since large extension in local time usually translates into larger substorms, one might expect a preference for flux rope production in larger substorms.
In summary, we have presented a simple model of plasmoid-to-fiux rope transition as the result of new magnetic connections to the flanks of the magnetotail. The suggested scenario has been used to explain pertinent observation, as well as to predict some further observational evidence.
